Modeling and control of magnetic levitation system by Abdullah, Nasrul Rahman




NASRUL RAHMAN BIN ABDULLAH 
 
UNIVERSITI TEKNOLOGI MALAYSIA 
 MODELING AND CONTROL OF MAGNETIC LEVITATION SYSTEM 
NASRUL RAHMAN BIN ABDULLAH 
 
A project report submitted in partial fulfilment of the 
requirements for the award of the degree of 
Masters of Engineering (Electrical-Mechatronics & Automatic Control) 
 
Faculty of Electrical Engineering 

















To my mother, father and family for their encouragement and blessing, 














Alhamdulillah, I am grateful to Allah SWT on His blessing in completing this 
project.   
I would like to express my gratitude to my project supervisor, Associate 
Professor Dr. Mohd. Fua’ad bin Hj. Rahmat for his encouragement, critics, and 
guidance. Under his supervision, many aspects regarding of this project has been 
explored, and with the knowledge, idea and support, this project can be completed. 
 Highest appreciation to my lecturers who had helped me in completing my 
studies. Without their continued passion in sharing knowledge, I will not be able to 
gain any understanding during study.  
 I also would like to express my gratefulness to my employer Pahang Skills 
Development Centre (PSDC) for allowing me to pursue part-time study, even 
realized that the commitment of their employee will be distributed along with the job 
responsibilities. Further credits to Yayasan Pahang (YP) for the funding of my study.  
Finally I would like to dedicate this achievement to my parents, family and 
friends who have helped me directly or indirectly and sacrificed a lot in the 





Magnetic levitation technology had received more attention since it helps 
minimize friction due to physical contact. Example of engineering applications 
includes magnetic levitated vehicle, high speed bearings, and precision platform. 
Magnetic levitation system consists of electro-magnetic actuator where its supply 
current needs to be controlled in achieving equilibrium force in vertical position with 
a permanent magnet. Too much force inserted will pull the object towards the 
actuator. Its instability and non-linearity characteristics pose challenges in modeling 
and control of the system accurately. The objective of this study was to obtain 
mathematical model of a small scale magnetic levitation system using MATLAB. 
The system was excited with three MLS of PRBS signal. Parametric approach using 
ARX structure was used to approximate the model. The best model was accepted 
based on the best fit criterion and pole-zero analysis through SI toolbox. The result 
showed that lower order model the best; meanwhile higher order model exhibits 
noise characteristics. PID and LQR controller was designed for the model through 
the simulation. The result showed that PID controller provides better output than 
open-loop control. LQR controller exhibits faster response to the system with 
undesired transient error. The designed PID and LQR controller can be applied to the 
magnetic levitation system with further optimization. An implementation to real-time 
system would validate the result in simulation. Self-tuning or robust controller could 













Teknologi apungan magnetik semakin mendapat perhatian kerana ia dapat 
mengurangkan geseran disebabkan sentuhan fizikal. Antara contoh aplikasi 
kejuruteraan termasuklah kenderaan terapung, galas kelajuan tinggi, dan pelantar 
kepersisan tinggi. Sistem apungan magnetik terdiri daripada penggerak elektro-
magnet dimana bekalan arus yang dibekalkan hendaklah dikawal bagi mendapatkan 
kesamaan daya pada posisi menegak dengan objek bermagnet. Sifat tidak stabil dan 
tidak linear merupakan cabaran utama dalam mendapatkan model dan kawalan 
sistem yang tepat. Objektif kajian ini adalah untuk mendapatkan model matematik 
bagi sebuah sistem apungan magnetik berskala kecil, dengan menggunakan 
MATLAB. Sistem tersebut telah diuja dengan tiga MLS dari isyarat PRBS. Kaedah 
parametrik dengan struktur ARX telah digunakan bagi menganggar model 
matematik. Model yang terbaik telah diterima berdasarkan kriteria penyuaian terbaik 
dan analisa kutub dengan menggunakan alatan SI. Keputusan mendapati model 
berdarjah rendah dapat disuaikan dengan baik, manakala model berdarjah tinggi 
menunjukkan kriteria hingar.    Pengawal PID dan LQR direka dengan menggunakan 
kaedah simulasi. Keputusan mendapati pengawal PID menghasilkan keluaran yang 
lebih baik berbanding kawalan gelung terbuka. Pengawal LQR menunjukkan reaksi 
yang lebih pantas, tetapi dengan sambutan fana yang tidak tepat. Pengawal PID dan 
LQR boleh diaplikasikan kepada sistem apungan magnetik dengan sedikit 
penambahbaikan. Perlaksanaan pengawal kepada sistem sebenar akan mengesahkan 
keputusan dalam simulasi. Pengawal talaan kendiri atau pengawal lasak boleh 
dibangunkan pada masa hadapan dalam meningkatkan kebolehupayaan pengawal 
sistem tersebut.  
 
 
